ABSTRACT
INTRODUCTION
In recent years, research in polymer nanocomposites has trended towards the combination of rubbers and nano-particles addition to form polymer/rubber/nano-particle ternary materials in order to achieve satisfactory balanced properties [1] [2] [3] . Most of the research has been focused on the morphological, mechanical, and thermal properties of ternary nanocomposites [4] [5] [6] . It is well known that polymer crystallization process has an important influence on its morphological, mechanical, and thermal properties [7] . And it is necessary to study the non-isothermal crystallization kinetics of these ternary nanocomposties incorporating crystallizable polymers because the practical production processes usually proceed under non-isothermal crystallization conditions. Poly(trimethylene terephthalate) (PTT) is a relatively new aromatic polyester, combining the outstanding physical properties of PET and processing characteristics [8] . This has led to interest in its applications as an engineering thermoplastic. Some studies have examined the properties of composite materials based on PTT as a matrix. For instance, Liu et al. [9] used glass fibers to reinforce injection molded PTT and investigated the important findings of the simultaneous improvement of both stiffness and toughness of the composites materials. Guerrica-Echevarría et al. [10] studied the mechanical behavior of PTT/POE blends with POE-g-MA as compatibilization.
In our previous work, both POE-g-MA and organoclay were used to prepare the PTT/POE-g-MA/clay ternary nanocomposites and investigated the morphological and rheological properties of the blends. The non-isothermal crystallization researches can offer significant information for optimizing processing parameters. So, in this work, the crystallization kinetics of PTT/POE-g-MA nanocomposites containing organclay at various amounts, from 1 part per hundred (phr) to 5 phr, was studied under non-isothermal conditions by DSC analysis.
EXPERIMENTAL SECTION

Materials
PTT was purchased from the Shell Chemical Company (USA) and intrinsic viscosity of the PTT chip is 0.935dl/g. Organoclay (trade name is DK2) with particle size of less than 50µm was supplied by Zhejiang FengHong Clay Co. Ltd. (China). Organo-modifier is methyl tallow bis (2-hydroxyethyl) ammonium and DK2 has the cation exchange capacity of 120 meq/100g. POE-g-MA was supplied by Shanghai Sunny New Technology Development Co. Ltd. (China); the grafting rate was 0.8%. The proportion of octene in the POE-g-MA was 24% by weight.
Specimens Preparation
Before melt mixing, all polymers and the organoclay were completely dried in a vacuum oven at 80℃ for 12h. The 80/20 (W/W) PTT/POE-g-MA blends containing 0, 1, 3, and 5 phr organoclay were prepared by melt mixing in a Haake Rheocorder (Germany), at 235℃ and 120rpm for 10min. The ternary polymer nanocomposites were named by their organoclay content; i.e. TEC1 indicates an 80/20/1 PTT/POE-g-MA/organoclay blend, where T stands for PTT, E stands for POE-g-MA, and C stands for organoclay.
Characterizations
Differential scanning calorimetry was used to measure the melting and crystallization temperature of samples. The non-isothermal crystallization of the samples were performed as follows: the samples were heated from 25℃ to 280℃ at a heating rate of 80℃/min and held there for 5 min to eliminate any previous thermal history; then they were cooled at the desired cooling rate, R, ranging from 5 to 30℃/min, to 25℃. The non-isothermal melt crystallization exotherms were recorded.
RESULTS AND DISCUSSION
Avrami Analysis
The Avrami equations are modified as follows:
ln[-ln(1-X(t))] = lnK + n lnt Where K is the growth rate constant, and n is the Avrami exponent. X(t) is the relative degree of crystallinity at time, t, obtained from the area of the DSC exothermic peak at time t divided by the total area under the exothermic peak as shown in Eq. (1).
The relative crystallinity (X (t)) is calculated at different temperature T, and the plots of X (t) versus T of PTT/POE-g-MA blend with 3wt% OMMT as example is shown in Fig. 1 . The figure demonstrates that the curves at different cooling rates are very similar. The crystallization temperature shifted toward lower temperatures with increasing cooling rate. According to t= (T0-T)/R, the X-axis in Fig. 1 can be changed into a time axis, as shown in Fig. 2 . All these curves have similar sigmoid shape, and the curvature of the upper parts of the plot is observed to be level off due to the spherulites impingement that already begin from the inflection point of the curves. The characteristic sigmoid curves are shifted to shorter time with increasing cooling rates for completing the crystallization. The plot of ln [-ln (1-X (t))] versus ln t at different cooling rates are shown in Fig.  3 . Each plot has a linear portion in the early stage of crystallization and is followed by a gentle deviation at longer time. 
The Mo Analysis
The equation is as follows: log R = log F(T) -b log t (2) Here b refers to the ratio of the Avrami exponent, n, to the Ozawa exponent m (b = n/m) and the parameter F (T) = [K (T)/Zt] 1/m represents the value of cooling rate which has to be chosen at unit crystallization time when the measured system amounts to a certain degree of crystallinity. According to Eq. (2), the plot of log R versus log t at a given crystallinity will be a straight line. Parameters b and F (T) can be obtained from the slope and the intercept of the line. Fig.4 presents plots of log R versus log t at various degrees of crystallinity, as indicated. The relationship between log R and log t was linear for the blends. we showed that F (T) became larger with increasing relative crystallinity, which indicates that at unit crystallization time, a higher cooling rate would be required in order to obtain a higher degree of crystallinity. By comparing the F (T) values of the samples, to achieve the same degree of final crystallinity the required cooling rate for PTT/POE-g-MA blend without organoclay was slower than that for PTT/POE-g-MA with various amounts of the organoclay, reflecting that the crystallization rate of PTT/POE-g-MA blends with organoclay was faster than that of the PTT/POE-g-MA blend without clay. The b values were almost constant in a given sample. 
CONCLUSIONS
The effect of organoclay on the non-isothermal crystallization kinetics of PTT/POE-g-MA blends with various amounts of the clay were studied by DSC. Avrami and Mo methods were used to describe the non-isothermal crystallization process. The Avrami analysis results show that the crystallization rate of PTT/POE-g-MA blends with the OMMT is faster than that of pure PTT or blends without OMMT. The Mo model, however, could describe well the non-isothermal crystallization kinetics of the blends and the analysis results showed the crystallization rate of PTT/POE-g-MA blends with organoclay was faster than that of the blend without organoclay.
